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Abstract
Background: The topic of food safety has become a major public health issue worldwide. Over recent decades,
the growing concern for food safety has brought about greater research regarding the risks associated with the
consumption of produce that has been contaminated by pesticides, heavy metals and/or toxins.
Objective: The study was conducted to determine the concentration of Pb in the muscle of buffalos slaughtered
in the northwest regions of Iran (Ardabil, Urmia and Tabriz cities).
Methods: The present was a descriptive cross-sectional study in the northwest regions of Iran during 2013 to
2014. A total of 30 muscle samples from individual buffalos were analyzed for Pb concentrations using Atomic
Absorption Spectrophotometer (ASS). Statistical analysis was performed using SPSS 17.0. All results were
computed as mean standard deviation and subjected to one-way analysis of variance to establish whether the
differences in Pb concentrations in meat samples from different cities were significant or not. The Statistical
significance was determined at p<0.05.
Results: The results showed that the mean concentration of Pb in muscle samples were measured 0.043±0.035
ppm. The highest Pb concentration (0.11 ppm) was detected in the buffalo muscle samples from Urmia city. In
total, 25 muscle samples (80.33%) were contaminated with Pb and concentration of Pb in 3.33% of contaminated
samples exceeded the permissible limits advised by the European Commission (EC) (0.1 ppm).
Conclusion: We recommend identifying Pb sources in order to eliminate or control Pb contamination of food,
and monitor environmental exposures and hazards to prevent lead poisoning.
Keywords: Buffalo, Muscles, Pb, Atomic Absorption Spectrophotometer, Iran
1. Introduction
Although there is great concern for food-borne illnesses caused by consumption of produce contaminated with
microorganisms and/or their toxins, there are additional health hazards from produce contaminated with other
toxins, including fungal toxins and heavy metals that could also lead to acute poisoning and long-term health
problems (1). Attention to the ramifications associated with heavy metal contamination is of the utmost concern. In
general, heavy metals are nonbiodegradable, having extensive biological half-lives and the potential to accumulate
in different body organs, which can ultimately lead to unwanted side effects (2-4). Several studies have indicated
that heavy metals, such as Cd, Pb, and Cr, have the ability to accumulate in the muscles of many animals such as
cows, sheep and buffalos (5-7). The findings of Massanyi et al. confirmed that Cd and Pb have the ability of
accumulation in sheep muscles, but concentration of heavy metals in the muscles are lower in comparison with
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kidneys and livers (6). Though caution is exercised to ensure that a very healthy cow is processed for consumption, a
cow with high levels of toxic metals may not show any obvious symptoms of illness and thereby possess hidden
potential health risk to humans (5). Meat of ruminant animals such as cattle, sheep and buffalo are very rich of
microelements and they are convenient sources for microelements. The chemical composition of meat heavily
depends on the amount and type of food they are consuming. Due to the water and grazing of buffalos in pastures
with contaminated soil, higher concentrations of metals are found in their body and products including meat and
milk (8).  There are various elements such as Pb, cadmium, arsenic and mercury which are non-essential and are
toxic, even at low concentrations. Others, such as zinc and copper are vital to the composition of the human body;
they play significant roles in the various biological systems. When their intake exceeds the body’s limit, however,
they can be harmful and can exert toxic effects (9). These non-essential heavy metals are toxic to cardiovascular,
hematopoietic, neural, gastrointestinal and immunological systems (10). They can also cause kidney dysfunction,
liver toxicity, anemia, cancer and Alzheimer disease (11). The risks associated with the exposure of humans to
heavy metals present in food with animal origin, have aroused widespread concern in human health. Hence
contamination of food with heavy metals is a serious threat because of their toxicity, bioaccumulation and
biomagnifications in the food chain. Therefore, the aim of the present study was to determine the concentrations of
Pb in the buffalo meat samples slaughtered in northwest regions of Iran (including: Ardabil, Urmia and Tabriz
cities).
2. Material and Methods
2.1. Sampling
A total of 30 buffalo muscle samples (slaughtered in northwest regions of Iran including Ardabil, Urmia and Tabriz
city) were collected. The samples were collected in polyethylene bags (All estimations were made in triplicates) and
transferred to the food quality control laboratory at the Faculty of Veterinary Medicine, Tabriz University for
analysis. The study was carried out from May 2013 to April 2014.
2.2. Sample preparation
In order to determine Pb concentration, the collected samples were decomposed by wet digestion method.
An amount of 2 gr from each muscle sample was added into the digestion flask containing nitric acid (1 N, Trace
Metal grade HNO3; Fisher Scientific) and digestion was performed at 80 °C for 4 h. At the end of digestion, the
supernatant was removed and its volume was measured to calculate the concentration of Pb (12).
2.3. Elemental analysis of samples
To determine the concentration of Pb in buffalo meat samples, tests were carried out directly in each of the final
solutions using Biotech Engineering Ltd., UK- Phoenix - 986 Atomic Absorption Spectroscopy (AAS) (12).
2.4. Statistical analyses
For each meat sample, three measurements were undertaken. Data were analyzed by SPSS 17.0 (SPSS Inc.,
Chicago, IL, USA) using descriptive statistics such as Mean, Standard Deviation, and inferential statistical analyses
including one-way analysis of variance (ANOVA) to establish whether the differences in Pb concentrations in meat
samples from different cities were significant or not. The Statistical significance was determined at P<0.05.
3. Results
The concentration of Pb in buffalo muscle samples was measured and presented in Table 1. The Pb levels ranged
between 0.002-0.116 ppm. The highest mean concentration of Pb (0.061±0.031 ppm) was measured in the buffalo
muscle samples slaughtered in Urmia city (p<0.05; Figure 1). The Pb was detected in 80.33% of the buffalo muscle
samples, and the level of the Pb in 3.33% of contaminated samples exceeded the permissible limits defined by EC
(0.1 ppm) (13).
Table 1. Pb level in water buffalo muscles slaughtered in North West Region, Iran
Sampling
region
No. of samples
analyzed
No. of samples with
measurable PB
% of samples with
measurable Pb
Pb concentration
(Mean±SD) ppm
Min-Max Exceed legal
limit n (%)
Urmia 18 17 94.44 0.061±0.031a 0.024-0.116 1 (5.88)
Ardabil 7 4 57.14 0.015±0.024b 0.002-0.063 0 (0)
Tabriz 5 4 80 0.024±0.019a,b 0.025-0.046 0 (0)
Total 30 25 80.33 0.043±0.035 0.002-0.116 1 (3.33)
Means ± SD in the same column with different letters are significantly different (p<0.05).
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Figure 1. Comparison of Pb concentration (Mean±SD) in buffalo meat samples from different cities
4. Discussion
The human diet is the main entry route of most elements into the body. The source of metals is the amalgamation of
fossil fuels, mining industries, waste disposal, and domestic sewage in the environment. Fertilizers and pesticides
used in industrial agriculture, farming and forestry also contribute to the metal content in the environment (14).
According to the results of the present study, Pb levels in the most meats samples (except one sample belonging to
Urmia) were lower than the permissible limits defined by the EC for human health (0.1 ppm) (13). The main edible
part of domestic animals is the muscle, but human health can be directly affected if it carries metals beyond the
standards. For this reason, most guidelines establish an allowable level of concentration limit to toxic elements in
this organ (15). The maximum Pb concentration for meat of bovine, sheep, pig and poultry has been proposed as 0.1
ppm (13). It is clear from the results of the present study that Pb concentration in the muscle of slaughtered buffalo
from northwest regions of Iran was generally lower than the maximum acceptable concentration by the EC.
Moreover, Pb was detected in 80.33% of the buffalo muscle samples and the level of the Pb in one contaminated
sample (3.33%) exceeded the permissible limits defined by the EC. Also, the highest Pb mean concentration was
observed in Urmia, while Ardabil samples had the lowest concentration among all of the samples (Figure 1).  In the
studied area, toxic breeding areas such as industrial and chemical factories may be the main sources of pollution,
which will result in the contamination of feed, water, and indeed the air inhaled by the animals, in addition to the
manufacturing processes in the countries from where the animals were imported (13). Several researches have been
conducted in many countries to determine the levels of metals in animal products (16-18). Gonzalez-Weller et al.
reported that Cd and Pb concentrations in meat products exceeded the recommended limits (17). Levels of Pb in
buffalo muscles in the present study were lower than of Cd concentration in sheep muscles from Falavarjan abattoir,
Iran (19).
The results of metal concentrations in the muscles of slaughtered cows, calves, and sheep in Sanandaj, Iran indicate
that the Pb, Cr and Cd levels were higher than of Pb concentration in buffalo muscle in the present study (20).
Moreover, Pb concentrations in buffalo meat examined in the present study were lower than those in sheep and
cattle of Palestinian farms (21), in sheep of Egypt (16), and in cows and sheep of Borno State, Nigeria (8). Toxic
elements can be very harmful even at low concentration when ingested over a long time period. Pb is a non-essential
element in foods and natural waters, and it accumulates in the kidneys and liver (22). The WHO (2000) suggests
maximum tolerable weekly intakes for lead is 25 μg/Kg bw per week (23). In many Asian countries such as Iran, the
average daily consumption of red meat is about 50-90 grams. Based on the results of the present study, the mean Pb
content of buffalo muscle samples were 0.043 ppm. Therefore, consuming 50 g per day of muscle provides 0.02
ppm Pb in a day. Therefore, a person with an average body weight of 60 kg will receive Pb lower than defined limit
of Pb. Although the contamination of animal feed by toxic metals cannot be entirely avoided given the prevalence of
these pollutants in the environment, minimizing of Pb contamination in food is necessary with the aim of reducing
both direct effects on animal health and indirect effects on human health.
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5. Conclusions
The results of this study indicated that Pb concentrations in most buffalo muscles of three studied regions from
northwest regions of Iran are lower than the levels of concern for human consumption. In other words, their levels in
the muscle, indicate that the risk of these metals for consumers’ health is low.
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